Background and Aims: Data are limited on the use of pegylated-interferon alpha-2a (peg-IFNa) in Chinese patients with chronic hepatitis B virus (HBV) infection (CHB). We evaluated the effectiveness and safety of peg-IFNa in Chinese patients with hepatitis B envelope antigen-negative CHB in routine clinical practice. Methods: In this prospective, multicenter, observational, non-interventional cohort study, patients were assessed for up to 1 year after peg-IFNa treatment cessation. Treating physicians established the dosing
Introduction
According to the World Health Organization Global Hepatitis Report in 2017, 257 million people worldwide were living with chronic hepatitis B virus (HBV) infection (CHB), 1 among whom one third (86 million) were located in China. 2 In China, surveys conducted in 2006 and 2014 showed a decreasing trend in hepatitis B surface antigen (HBsAg) prevalence after the start of a vaccination program in 1992. 3 However, in 2016, the prevalence of HBsAg was reported to be relatively high, namely 6.0% in men aged 21-49 years in rural China 4 and 6.1% in Northeastern China. 5 Among HBsAg-positive individuals, the lifetime relative risk for hepatocellular carcinoma was reported to be 15-to 20-fold higher compared with that of HBsAg-negative individuals, 6 and the risk of hepatocellular carcinoma significantly decreased in CHB patients with HBsAg clearance. 7 Hepatitis B envelope antigen (HBeAg)-negative CHB represents a late phase in the natural history of CHB that develops immediately after HBeAg seroconversion or after a long inactive chronic hepatitis B virus carrier phase. 8, 9 HBeAg-negative CHB patients often require treatment because spontaneous remission rarely occurs, and these patients have more advanced liver disease compared with HBeAg-positive patients. [8] [9] [10] The therapeutic goal of CHB is to achieve a "functional" cure, which is characterized by sustained HBsAg loss, but is almost impossible to achieve with nucleoside analogues (NUCs) (including entecavir, tenofovir disoproxil fumarate, and tenofovir alafenamide). 11 The efficacy of pegylated-interferon alpha (peg-IFNa) in terms of HBsAg clearance and/or improvement in sustained off-treatment virologic response was shown in several interventional multi-national studies in Caucasian patients with HBeAg-negative CHB. 9, [12] [13] [14] [15] In a phase 3 study investigating 177 HBeAg-negative CHB patients who received peg-IFNa in combination with lamivudine for 48 weeks, HBsAg clearance was achieved by 5% of patients at 1 year posttreatment. 9, 16 This rate increased to 12% at 5 years posttreatment. 16 Among patients with HBV DNA <2000 IU/mL at 1 year posttreatment, 28% achieved HBsAg loss at 5 years posttreatment. 16 The PegBeLiver study demonstrated that extended treatment (96 weeks) with peg-IFNa was well tolerated, and significantly improved sustained response rates measured by HBsAg loss in HBeAgnegative patients predominantly infected with HBV genotype D (6%, 1 year posttreatment). 12 In a study on a small sample of Chinese HBeAg-negative patients, a significantly greater HBsAg clearance rate at 48 weeks posttreatment was reported among those who received extended treatment with peg-IFNa (72 weeks) compared with standard treatment (48 weeks) (35.7% vs. 10.5%, respectively; p < 0.05). 17 The dominant HBV genotypes are B and C in Asia and A and D in Europe. As responses to interferon treatment have been found to vary depending on the HBV genotype, 18 and these genotypes follow a geographical distribution, it is important to evaluate Asian patients separately. Although HBeAg-negative CHB is less common in China than in Europe, the incidence of HBeAg-negative disease has increased in China. 19 Considering the limited data on pegIFNa in Asian/Chinese patient populations, the difference in response to treatment based on the dominant HBV genotype and the increasing incidence of HBeAg-negative disease in China, the present study aimed to evaluate the effectiveness and safety of peg-IFNa in Chinese patients with HBeAg-negative CHB in routine clinical practice.
Methods

Study design and patients
This was a prospective, observational, noninterventional cohort study. Dosing and treatment duration were determined at the discretion of the investigator and reflect actual Chinese clinical practice. Patients were followed up for 1 year after treatment cessation. Data on treatment outcomes (i.e. HBV DNA, HBsAg, quantitative HBsAg, hepatitis B surface antibody, and alanine aminotransferase [ALT]) were collected from medical records and documented in electronic case report forms.
HBeAg-negative CHB patients from 79 study sites in China (Supplemental Table 1 ) who received peg-IFNa therapy from November 2012 to April 2015 were consecutively enrolled. The key eligibility criteria included serum ALT >upper limit of normal (ULN) but #10 3 ULN, and HBV DNA $2000 IU/ mL according to Chinese peg-IFNa-2a labeling and HBV clinical practice guidelines. 20 Those who did not meet the eligibility criteria were excluded from the effectiveness analysis.
All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008. Informed consent in writing was obtained from all patients included in the study. This study was registered at ClinicalTrials.gov (NCT01730508).
End-points
The following effectiveness end-points were evaluated as percentage of patients with: HBV DNA <2000 IU/mL, <400 IU/mL, and <200 IU/ml; HBsAg <10 IU/mL, <100 IU/mL, and <1000 IU/mL; HBsAg loss; and HBsAg seroconversion at end of treatment (EOT), 6 months posttreatment, and 1 year posttreatment. The time course change in quantitative HBV DNA and HBsAg during the observation period and baseline and on-treatment predictors of response were also evaluated. An analysis of predefined subgroups was performed according to treatment pattern (peg-IFNa monotherapy, NUC addon during peg-IFNa treatment, and NUC add-on during follow-up), baseline ALT level (#2, >2 and #5, and >5 ULN), age (<35 and $35 years), treatment duration (48, 72, and 96 weeks), and early treatment response (HBV DNA decline >2 log plus ALT increase at week 12 and HBV DNA decline #2 log or no ALT increase at week 12) in patients who received Peg-IFNa monotherapy. For safety, reported adverse events (AEs) and laboratory data were evaluated.
Statistical analysis
The full analysis set (FAS) was defined as the subjects who underwent at least one dose of peg-IFNa treatment and was used for the safety analysis. The FAS of those who meet selection criteria (FAS-MSC) was defined as FAS subjects who met all the selection criteria of this study, and was used for the effectiveness analysis. Descriptive statistics were used for baseline demographic and clinical characteristics, with n (%) for categorical variables and mean ± standard deviation (SD) for continuous variables. Statistical tests and 95% confidence 
Results
Patients
The patient population is shown in Fig. 1 . In total, 930 patients from 79 sites were enrolled and treated with at least one dose of peg-IFNa, and were included in the FAS (safety analysis). However, 268 patients did not meet the eligibility criteria, so only 662 patients were included in the FAS-MSC (effectiveness analysis). Of the 662 patients in the FAS-MSC, 33.7% did not complete the 1 year follow-up ( Fig. 1) . A total of 476 (71.9%) patients completed 48 weeks of treatment, 167 (25.2%) completed 72 weeks of treatment, and 71 (10.7%) completed 96 weeks of treatment. Among patients in the FAS-MSC, the most common treatment pattern was peg-IFNa monotherapy (80.4%), followed by NUC add-on during peg-IFNa treatment (14.7%), and NUC add-on during follow-up (5.0%) (Fig. 1) . The number of patients with each measurement at each time point is shown in Supplemental Table 2 .
The baseline demographic and clinical characteristics in all patients who met eligibility criteria are shown in Table 1 . The mean age was 37.9 years and most patients were male (81.0%). The mean HBV DNA and HBsAg levels were 5.6 log IU/mL and 3.1 log IU/mL, respectively.
Among patients with known HBV genotype, genotypes B and C were the dominant genotypes.
Effectiveness Fig. 2A shows the percentage of patients with HBV DNA <2000 IU/mL, <400 IU/mL, and <200 IU/mL, that of patients with a combined response (HBV DNA <2000 IU/mL and ALT normalization), and that of patients with HBsAg loss and HBsAg seroconversion at EOT, 6 months posttreatment, and 1 year posttreatment. At 1 year posttreatment, the percentage of patients with HBV DNA <2000 IU/mL was 82.2% (95% CI 77.4, 86.3) in FAS-MSC subjects with available results at 1 year posttreatment. The percentage of patients with suppression of HBV DNA to <2000 IU/mL was 90.0% at EOT and 81.8% at 6 months posttreatment. The percentage of patients with suppression of HBV DNA to <400 IU/mL and <200 IU/mL at EOT, 6 months posttreatment, and 1 year posttreatment ranged between 35.6% and 45.5%. The percentage of patients with a combined response (HBV DNA <2000 IU/mL and ALT normalization) increased from 51.0% at EOT to 71.6% and 73.4%, respectively, at 6 months and 1 year posttreatment. The percentage of patients with HBsAg loss was 6.5% at EOT, 9.4% at 6 months posttreatment, and 9.5% at 1-year posttreatment; the percentage of patients with HBsAg seroconversion was 5.2% at EOT, 7.6% at 6 months posttreatment, and 7.1% at 1 year posttreatment.
The change of HBsAg category throughout the observation period is shown in Fig. 2B . The percentage of patients with The predefined date to stop data collection was at 1 year after the last enrolled patient completed the treatment. At the final cut-off (date to stop data collection), 13 patients who received prolonged treatment were still within the 1 year follow-up window.
Abbreviations: AE, adverse event; FAS, full analysis set; FAS-MSC, full analysis set of those who meet selection criteria; NUC, nucleoside analogue; peg-IFNa, pegylated-interferon alpha-2a; tx, treatment. HBsAg level <1000 IU/mL increased from 39.0% at baseline to 71.4% at 1 year posttreatment. That of patients with HBsAg level <100 IU/mL increased from 6.1% at baseline to 29.1% at 1 year posttreatment, and that of patients with HBsAg level <10 IU/mL increased from 1.0% at baseline to 15.2% at 1 year posttreatment. The time course change of HBV DNA and HBsAg level throughout the study period is shown in Fig. 2C and 2D , respectively. The HBV DNA level decreased from 5.61 log IU/mL at baseline to 2.48 log IU/mL at EOT and 2.67 log IU/ mL at 1 year posttreatment. The HBsAg level decreased from 3.08 log IU/mL at baseline to 2.24 log IU/mL at EOT and 2.10 log IU/mL at 1 year posttreatment.
Predictors of response
We assessed baseline predictors of HBV DNA <2000 IU/mL at the end of a 1-year follow-up period, including sex, age, body mass index, method of HBV transmission, hepatitis B disease course, anti-HBV history, HBV genotype, HBV DNA level, HBsAg level, and ALT level. However, univariate and multivariate logistic regression analyses did not reveal any statistically significant relationships (data not shown).
Similarly, early HBV DNA and HBsAg response were not found to be significant predictors of HBV DNA suppression at 1 year posttreatment. The receiver operating characteristic curves for HBV DNA and HBsAg change from baseline (log) at week 12 showed an area under the curve of 0.521 (p = 0.626) and 0.505 (p = 0.929), respectively (data not shown).
Subgroup analysis
The main baseline demographic and clinical characteristics by subgroup according to treatment pattern (peg-IFNa monotherapy, NUC add-on during peg-IFNa treatment, and NUC add-on during follow-up), ALT level (#2, >2 and #5, and >5 ULN), age (<35 and $35 years), treatment duration (48, 72, and 96 weeks), and treatment response (HBV DNA decline >2 log plus ALT increase at week 12 and HBV DNA decline #2 log or no ALT increase at week 12) are shown in Table 1 . HBV DNA and HBsAg levels were generally similar between subgroups.
The results of the effectiveness end-points by treatment pattern are shown in Table 2 . The percentage of patients with HBV DNA <2000 IU/mL at 1 year posttreatment was higher in patients who received NUC add-on (>90%) compared with that in patients who received peg-IFNa monotherapy (79.4%). The percentage of patients with HBsAg loss at EOT, 6 months posttreatment, and 1 year posttreatment who received peg-IFNa monotherapy (6.9%, 10.6%, and 10.6%, respectively) and NUC add-on during peg-IFNa treatment (6.0%, 6.3%, and 7.1%, respectively) was greater as compared with patients who received NUC add-on during follow-up (0, 0, and 0, respectively). In Supplemental Table 3 , we summarize the data at EOT, 6 months posttreatment, and 1 year posttreatment by subgroup in patients receiving pegIFNa monotherapy.
The changes of HBsAg were evaluated by subgroups according to ALT level, age, treatment duration, and treatment Abbreviations: ALT, alanine aminotransferase; EOT, end of treatment; FAS-MSC, full analysis set of those who met the selection criteria; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; ULN, upper limit of normal.
response (Fig. 3) . In patients with ALT >5 ULN, HBsAg levels decreased at a slower rate during treatment compared with the subgroups with ALT #2 and those with ALT >2 and #5 ULN, but a greater decrease in HBsAg level was shown at 1 year posttreatment compared with the other two subgroups. Patients aged <35 years showed a better response in HBsAg decrease over time compared with patients aged >35 years. A marked decrease in HBsAg level was observed in the subgroup receiving treatment for 96 weeks at the EOT compared with those receiving treatment for 48 and 72 weeks, and this tendency remained at 1 year posttreatment. A greater decrease in HBsAg was observed in the subgroup with early response (HBV DNA decline >2 log at week 12 and ALT increase) at EOT and 1 year posttreatment compared with the subgroup with HBV DNA decline #2 log at week 12 or no ALT increase at week 12.
The percentages of patients with HBV DNA <2000 IU/mL and HBsAg loss at 1 year posttreatment were not significantly different between subgroups according to baseline ALT level, age, and treatment response at week 12 (data not shown). The percentage of patients with HBV DNA <2000 IU/mL at 1 year posttreatment was 75.6% (95% CI 67.2, 82.8), 84.6% (95% CI 71.9, 93.1), and 89.5% (95% CI 66.9, 98.7), and that of patients with HBsAg loss was 8.5% (4.2, 15.2), 10.0% (3.3, 21.8), and 27.8% (9.7, 53.5) among the subgroups with treatment duration of 48 weeks, 72 weeks, and 96 weeks, respectively.
Safety
The incidence of AEs was 52.0% and that of drug-related AEs was 47.3% (Table 3 ). Twelve patients (1.3%) had serious AEs. One patient (0.1%) died, but this event was not related to the study drug.
AEs with an incidence $10% were decreased white blood (24.7%), platelet (23.4%), and neutrophil counts (21.9%).
Discussion
This is the largest observational study of peg-IFNa therapy in Asian HBeAg-negative CHB patients whose predominant HBV genotypes are B and C. A cut-off of 1 year posttreatment was chosen in the present study because missing HBV laboratory testing data (e.g., HBV DNA and HBsAg, especially quantitative testing data) are unavoidable in observational studies, and the amount of missing data tends to increase with a longer follow-up period. Moreover, the association between 1-year posttreatment response and sustained off-treatment response were reported in a phase 3 study of peg-IFNa. 16 In the present study, the percentage of patients with HBsAg loss at EOT, 6 months posttreatment, and 1 year posttreatment increased from 6.5% to 9.4% and 9.5%. In an observational study of Korean HBeAg-negative CHB patients who received peg-IFNa therapy for 24 and 48 weeks (the TRACES study), 21 only one patient (1.4%) in the 48-week group presented HBsAg loss at EOT and 6 months posttreatment. In the PegBeLiver study, 22 Caucasian HBeAg-negative patients who received 96 weeks of treatment achieved an HBsAg loss rate of 5.8% compared with 0% in those who received 48 weeks of treatment. Besides the demographic, clinical, and genotype differences between the study populations, the higher HBsAg loss rate at 1 year posttreatment in the present study compared with the TRACES and PegBeLiver studies could have been because our study included patients who received treatment beyond 48 weeks. Our findings were similar to those of another subgroup analysis of Chinese HBeAg-negative patients (the S-COLLATE study), 23 in which the HBsAg loss rate increased from 9% to 12% and 13% at EOT, 6 months posttreatment, and 3 years posttreatment, respectively. In another 17 HBsAg loss at 48 weeks posttreatment was 10.5% in patients who received 48 weeks of treatment (which was similar to the HBsAg loss rate at 1 year posttreatment in the present study, 10%) and 33.3% in those who received 72 weeks of treatment.
The Chinese consensus on peg-IFNa in treatment of CHB published recently emphasizes that for patients with suboptimal response (i.e. HBsAg decline >1 log at week 24, but not achieving HBsAg loss at week 48), extended treatment duration to 72 or 96 weeks helps patients achieve functional cure. 24 The present study showed a marked HBsAg level decrease from 24 weeks to 96 weeks in patients who received 96 weeks of treatment compared with those who received 48 weeks of treatment, and provides further evidence for the extended treatment duration preferred by medical practitioners in China.
In the present study, the percentage of patients with HBV DNA <2000 IU/mL was 90.0% at EOT, 81.8% at 6 months posttreatment, and 82.2% at 1 year posttreatment. In the TRACES study, 21 the percentage of patients with HBV DNA <2000 IU/mL was 87.8% at EOT and 47.3% at 6 months posttreatment. In a study of Asian HBeAg-negative patients, 17 the HBV DNA suppression rate at 48 weeks posttreatment was 60.5% in patients who received 48 weeks of treatment and 83.3% in those who received 72 weeks of treatment. The longer treatment duration in the present study may have contributed to the higher HBV DNA suppression rate at 6 months and 1 year posttreatment in our study versus previous studies. However, undocumented NUC addon treatment is suspected (e.g., patients may have self-prescribed NUC add-on or it may have been prescribed by other health care providers when patients sought medical attention in other hospitals). Unlike HBsAg, NUC add-on treatment has a significant effect on HBV DNA suppression, and thus, NUC add-on treatment may have confounded the results.
Regarding predictors of response, in HBeAg-negative CHB patients with genotype D, a combination of no decrease in HBsAg levels and <2 log IU/mL reduction in serum HBV DNA Abbreviations: ALT, alanine aminotransferase; FAS-MSC, full analysis set of those who met the selection criteria; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; ULN, upper limit of normal. levels at 12 weeks of Peg-IFNa therapy is associated with no response to treatment, and these characteristics should be considered as criteria for peg-IFNa treatment discontinuation. 11 However, no robust treatment discontinuation criteria have been developed for HBeAg-negative CHB patients with genotype B or C. 11 Based on clinical experience, Chinese clinical experts recommend peg-IFNa treatment discontinuation at week 24 if HBsAg decreases to <1 log IU/mL and HBV DNA decreases to <2 log IU/mL. 24 Unfortunately, no statistically significant relationship was found between baseline factors and HBV DNA suppression at 1 year posttreatment in the present study, and no evidence was generated to support treatment discontinuation at week 12 or week 24 for HBeAg-negative patients dominated by genotype B or C.
Regarding the changes in HBsAg by subgroups, in patients with ALT >5 ULN, HBsAg levels decreased at a slower rate during treatment compared with the subgroups with ALT #2 and those with ALT >2 and #5 ULN, but a greater decrease in HBsAg level was shown at 1 year posttreatment in patients with ALT >5 ULN compared with the other two subgroups. Reportedly, in patients with CHB, an ALT level $200 IU/L is associated with HBsAg seroclearance. 14, 25, 26 Such increased levels of ALT indicate that HBV-infected hepatocytes have triggered a strong host immune response which is likely a result of the immunomodulating effects of peg-IFN 27 that will eventually lead to anti-HBe seroconversion and HBV DNA reduction. Thus, it is easier for patients with high ALT to achieve HBsAg clearance. Additionally, the effect of ALT seemed to be more obvious after discontinuation, which may be related to the mobilization of the immunity.
Among the 930 patients in the FAS who were evaluated for safety in the present study, more than half presented AEs and the most common AEs were decreased white blood, platelet, and neutrophil counts. These findings were similar to the pegIFNa safety profile identified in peg-IFNa labeling. 28 . The present study has some limitations, including those inherent to observational studies and inadequately controlled confounders. Although the study was designed to document potential confounders and adjustments for these potential confounders were made in the statistical analysis, residual confounding may still exist. In clinical practice, patients cannot attend visits at predefined times as in interventional studies. If we had considered patients with missing data as nonresponders, this would have resulted in a considerable underestimation of treatment outcomes. Thus, analyzing patients with available data is more reasonable in this situation.
In conclusion, peg-IFNa showed good effectiveness and was well tolerated by HBeAg-negative CHB Chinese patients in routine clinical practice in China. Additionally, our results suggest that a certain proportion of HBeAg-negative patients have the potential to achieve functional cure (HBsAg loss) with the use of peg-IFNa; however, 48 weeks of treatment may not be sufficient.
